Calculation of crystallite size
where Dp = average crystallite size, β1/2 = line broadening at half the maximum intensity, in radians, θ = Bragg angle, and λ = X-ray wavelength = 0.15406 nm
The BZ shows almost pure monoclinic ZrO2 phase as like as the pristine white ZrO2 (Figure 1b ).
The XRD pattern does not indicate any residual Mg species in the final materials, which also indicates the formation of pure black ZrO2-x without any metal doping. No peak was also observed for sub-oxides of Zr. The similarity in XRD of the black and white zirconia indicates no significant change in the crystal structure during magnesiothermic reduction. The crystallite size (calculated using Scherer equation, see Table S1 ,) of the BZ (19.6 nm) is also almost similar to that of WZ The g factor is calculated using the following equation:
where β is the constant (Bohr magneton), h is the Planck constant, ν is the microwave frequency, and B is the magnetic field.  UV-VIS DRS and photoluminescence spectra Figure S9 . UV-VIS DRS spectra of different zirconia samples prepared using different Mg ratios,
showing the continuous enhanced absorbance in VIS and IR region with the increase of Mg amount in accordance with color trend (see supplementary Figure 1 )
Band gap calculation
The band gap of the samples was calculated using Tauc plot of (αhν) 2 vs hν, where α is the absorption coefficient, h is Plank constant, and ν is the wavenumber. The value of hν is obtained sample.
The BZ samples prepared with 1:05, 1:1, and 1:1.3 ratios exhibited a rate of hydrogen production of 165, 505, and 336 µmolg -1 h -1 , respectively, suggesting that the ratio (1:1) can be considered as an optimum ratio. Further, we have synthesized reduced zirconia using only hydrogen (5% H2/Ar), only Mg (in Ar), and only Ar in the same reaction conditions to study the uniqueness of the present methods (see methods for details). All the materials were studied for the hydrogen production using the same experimental conditions. Interestingly, the material prepared using only Ar did not show any hydrogen production, whereas the materials prepared by only Mg and hydrogen show a little amount of hydrogen in the same experimental conditions under solar light. These results clearly demonstrate the requirement of both Mg and H2 for the preparation of photocatalytically active black ZrO2-x.
